Summary. Dimensions of the testes, epididymides and spermatozoa were measured from a sample of 104, mainly cross-bred, domestic dogs ranging in body mass from 5 to 48 kg. Allometric analyses in relation to body mass indicated isometric changes in testicular mass but epididymal mass and the mass of the cauda epididymidis and sperm numbers in the cauda showed significant positive allometry. Total sperm length, seminiferous tubule diameter and the relative proportion of tissues in the testis showed no significant correlation with body mass, but sperm principal piece length showed a low correlation with body mass. We suggest that the positive allometry of epididymal mass and sperm numbers is related to promiscuous mating and sperm competition in stray dogs.
Introduction
Allometric analyses of reproductive and other organ systems provide mathematical descriptions of relative changes in the size of these structures with respect to body size. Previous allometric analyses of male reproductive organs have been concerned with the interspecific variation of spermatozoa (Cummins & Woodall, 1985) and testis mass (Harcourte/ al, 1981; Kenagy &Trombulak, 1986) but there are few studies on intraspecific variation in male reproductive characteristics: it is important to distinguish between variation in the size of adult males (as investigated here) and variation during the growth and development of the individuals, ontogenetic allometry (Gould, 1966) . Islam & Land (1977) described seasonal changes in testis size and sperm output of different breeds of rams and found that breed differences in testis diameter were much smaller in adults than among juveniles. Short (1984) reported variation in human testis size in different races and commented on the absence of information concerning the anatomical reasons for this variation.
This study attempts to provide more information on intraspecific variation of male repro¬ ductive organs and spermatozoa using the domestic dog as a model. The diversity of breeds of domestic dog present a 35-fold range in body mass (Kirkwood, 1985) . Previous studies of canids have investigated allometric variation in various organs, and in physiological and behavioural measures (Bekoff et al, 1981; Kirkwood, 1985) but there have been no allometric investigations of male reproductive organs.
Materials and Methods
Male dogs were obtained less than 1 h after being killed at the R.S.P.C. A. animal (Evans & Christensen, 1979) , were excluded from the sample. The others were then weighed on a spring scale, accurate to 0-2 kg, and both testes and epididymides were removed. The epididymides were carefully dissected from the testes and they were weighed separately on a top-pan balance, accurate to 001 g. Individuals that had no spermatozoa in histological sections of the testis or in sperm smears from the cauda epididymidis (see below) were excluded from subsequent analyses.
Histology. A small segment from the equatorial region of one testis was removed and fixed in Bouin's solution. This was later processed using standard histological procedures, sectioned at 7 µ and stained with haematoxylin and eosin. Seminiferous tubule diameter was measured using a projection microscope and the mean diameter of 10 round tubules was calculated. The relative areas occupied by germinal tissue; Leydig cells; and blood vessels + connective tissue were estimated using a projection microscope and recording the tissue under 100 points of a standard stereological grid (Elias & Hyde, 1980) . The total area of seminiferous tubules (i.e. germinal epithelium + lumen) was also estimated.
Sperm dimensions. A sperm smear was made from spermatozoa expressed from one cauda epididymidis and stained with aqueous nigrosin-eosin (Campbell et al, 1956 ). Sperm dimensions (Table 1) (Sokal & Rohlf, 1981) . When smaller sub-samples of the total sample were used for some measures (e.g. seminiferous tubule diameter, sperm counts) care was taken to ensure that the complete range of body mass was still represented. When two variables were compared with each other, a product-moment correlation was calculated as an initial step. Further allometric analysis was only undertaken when there was a significant correlation (P < 005).
Allometric analyses were made using the power function (Gould, 1966) :
where is the independent variable (usually body mass); y is the dependent variable; b is a constant and is the allometric coefficient. Logarithmic transformation of this function gives: log y = alog + log b which enables the allometric co-efficient, a, to be estimated as the gradient of the straight line fitted to the log y versus log plot.
Although linear regression techniques have frequently been used to fit the straight line to this plot, this is statistically invalid (Gould, 1966) and gives consistently low values of (Seim & Saether, 1983) . In this work, therefore, was estimated by fitting a line using major-axis analysis and reduced major-axis analysis. Major-axis analysis was used when the error variances of and y were not significantly different and reduced major-axis analysis was used when the variances were different (Seim & Saether, 1983) .
When an organ changes as a constant proportion of body mass, = 1 (isometry), but when an organ increases more rapidly than body size, = > 1 (positive allometry). To test the departure of from isometry, 95% and 99% confidence limits for were calculated using the methods described in Sokal & Rohlf (1981) . If the lower confidence limits were greater than 1, then was considered to show significant positive allometry.
Results
Dimensions ofbody mass, testes, epididymides and spermatozoa
The dogs used in this study showed almost a 10-fold range in body mass with a slightly smaller range for testicular mass and a larger range for epididymal mass (Table 1 ). The mass of the cauda epididymidis and the numbers of spermatozoa in the cauda epididymidis showed an even greater range, over 20-fold (Table 1) . In contrast, the seminiferous tubule diameters and dimensions of the spermatozoa showed a much smaller range of size. These differences are also reflected in the differing magnitude of the co-efficient of variation (Table 1) . It is clear from this that some variables vary in a The relative proportions of various tissues in the testes are presented in Table 2 . The proportion of germinal epithelium showed little variation, reflecting the comparatively low variation found in seminiferous tubule diameter (Table 1 ). The proportions of'Leydig cells' and 'connective tissue + blood vessels, etc.' both showed fairly high variation.
When allometric analyses were performed, no significant correlations were found between any tissue proportion and testis mass (P > 005). Therefore the variation observed in the relative pro¬ portion of various tissues of the testis cannot be accounted for by changes in testis size and may be the result of differences in sexual maturity (post-pubertal) and fixation artefacts. (1-19-1-82)** I-410R
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All variables were transformed to logs. The preferred allometric coefficient from major-axis analysis (M) or reduced major-axis analysis (R) is indicated by superscript (see 'Methods' for details).
Allometric relationships of testes, epididymides and sperm numbers The change in testicular mass with body mass showed an isometric relationship, both increased in similar proportion and the 95% and 99% confidence limits of a, the allometry co-efficient, included 1-0 (Table 3) .
Total epididymal mass showed positive allometry with body mass (a = > 1 at the 95% level) but was isometric with testis mass (Table 3) .
Changes in the mass of the cauda epididymidis with body mass, testicular mass and total epididymal mass all showed significant positive allometry, that is the cauda epididymidis mass increased more rapidly than body mass, with the 99% confidence limits of all being greater than 10 (Table 3) . Sperm numbers in the cauda epididymidis also showed positive allometry with body mass, testicular mass, epididymal mass and mass of the cauda epididymidis ( (1982) have shown that inbreeding can have detrimental effects on reproductive parameters in dogs, including reduction in ejaculate quality and testicular volume. The high pro¬ portion of cross-breeds (73%) in this sample from the animal refuge suggests that this is unlikely to be a consideration in the present work. It may also suggest that most of these dogs were freeranging, defined as "any owned or unowned animal that is not under immediate human supervision and on (or having access to) public property" (Beck, 1973) . This has important implications for the type of mating system used by these dogs (see below). Kenagy & Trombulak (1986) investigated the relation between testis mass and body size in 133 species of mammals representing 13 orders and found significant negative allometry (a = 0-72).
They used linear regression analysis to fit a straight line to their data but re-analysing their data using major-axis analysis or reduced major-axis analysis gave similar results (a = 0-76 and 0-77 respectively, both significantly lower than isometry, < 001). Kenagy & Trombulak (1986) also analysed intraspecific variation of testis size in three species of rodents and found wide variation in relative testis size, concluding that "variation in body mass and testis mass is probably largely independent". These results contrast with the isometric relation of testis mass to body mass and the positive allometry of total epididymal mass and mass of the cauda epididymidis to body mass found in this study.
Seasonal and post-pubertal changes in testis size are largely associated with changes in sperm production (SetcheU, 1978) but in this sample of domestic dogs the variation of testis size was not correlated with changes in the proportion of any tissue component and the proportion ofseminiferous tubules (germinal epithelium + lumen) remained remarkably constant over a wide range of testis size.
Parker (1984) indicates that, when there are two (or more) ejaculates in competition, relative sperm numbers may be the major factor that determines the probability of successful fertilization.
Relatively large testes are found in primates (Harcourt et al, 1981; Harvey & Harcourt, 1984) and other mammals (Kenagy & Trombulak, 1986) (Kleiman, 1977) but have a promiscuous mating system in which the female exercises some degree of choice of mate (Daniels, 1983) although some instances of'rape' by large, aggressive dogs have been reported (Ghosh et al, 1984) . These observations of multiple inseminations together with evidence that spermatozoa can survive in the female tract of bitches for up to 11 days (Doak et al, 1967) (1985) showed that there was a significant negative correlation between total sperm length and body mass in 284 species of mammals (r = -0-445, < 0001) and when these data were re-analysed a significant negative correlation was also found between midpiece length and body mass (r = -0-377, < 001). In domestic dogs there was a significant positive correlation between principal piece length and body mass and a non-significant negative correlation between midpiece length and body mass (Table 4 ) and this resulted in no significant correlation between total sperm length and body mass. The significant correlation between principal piece length and body mass in domestic dogs was low, accounting for only 8% of the total variation in sperm length, and is probably of little consequence. Clearly, intraspecific analysis of sperm morphology in dogs shows no strong relationship between sperm length and body mass similar to that found in the interspecific analysis for all mammals.
Some of the variation in sperm length in dogs may be due to breed differences since the length of the midpiece is known to be highly heritable in strains of mice and occurs without similar changes to the length of the principal piece (Woolley & Beatty, 1967; Beatty, 1970; Woolley, 1971) . This aspect requires further investigation in the domestic dog but, compared to the large differences in body mass produced by selective breeding, sperm dimensions were comparatively uniform in this sample of largely cross-bred dogs.
